A bursting radio source, GCRT J1745-3009, had been discovered by Hyman et al. (2005) near the direction of the Galaxy center. It bursts with a period of ∼ 77 min and a duration of ∼ 10 min. The source is very luminous during its burst state, which implies that it is not an incoherent emitter. It is still open to explain this phenomenon although a couple of scenarios had been proposed by Hyman et al. (2005) . An alternative possibility is presented in this paper, that the source could be a radio pulsar which precesses with a large amplitude. The general behaviors observed can be reproduced in this precession-pulsar model. Some physical implications of the model is also discussed.
Introduction
Recently a bursting radio source, GCRT J1745-3009, was discovered by Hyman et al. (2005) during a radio transient monitoring program of the Galactic center region at 0.33 GHz. Five bursts with peak flux of ∼ 1.67 Jy was detected at an apparently regular intervals of ∼ 77 min from that source, with a burst duration of ∼ 10 min. No quiescent emission was detected with an upper limit of 75 mJy, and the upper limit can be reduce to 15 mJy according to some other observations. The burst light curves seem to be asymmetric in their shapes. Additionally, no significant frequency dependence and circular polarization was detected in the radio observation, and no counterpart at other wave band of this source had been identified. An interesting issue is that no variable X-ray (2-10 keV) emission was detected by Rossi X-Ray Timing Explorer at the same time near the region. Different possibilities had been considered (Hyman et al. 2005) to explain the behavior of this source, but Hyman et al. (2005) conclude that this source could be the first detected one of a new class of objects since no object known can well produce all of the features observed. The source varies so fast and is therefore too bright to be an incoherent emitter unless it is located at a distance D < 70 pc (Hyman et al. (2005) ). It would be a dwarf Mtype star, an extra-solar planet, or a brown dwarf, which could flare actively, if it is located at D < 70 pc. The emission from dwarf M-type star or extra-solar giant planet should be highly circular polarized, but no circular polarization is detected (< 15%, 5σ upper limit). The source seems thus not a dwarf star or a planet though this possibility can not be completely rule out. Incoherent radio emission from distant compact objects (black holes and neutron stars) could also be a possible explanation. The absence of bright X-ray counterpart argues, however, strongly against an accreting source, like micro-quasars.
How about the source to be a spinning magnetized star with rotation period ∼ 77 min? The total induced potential drop of such a star, with radius R = R 6 × 10 6 cm and polar magnetic field B p = B p,12 × 10 12 G, is Φ ∼ 10 5 B p,12 R 3 6 Volts. Unless the pulsar's field is unacceptably strong (> 10 18 Gauss), the the potential drop can not large enough (∼ 10 12 V) for producing pair-plasma in the magnetosphere (Hyman et al. 2005) . For a white dwarf with polar field being much weaker than 10 12 G, magnetospheric secondary pair-plasma still can not form although its radius could be R 6 ∼ 10 2 . As a conclusion, the regular bursts can hardly be explained by the emission from magnetized stars whose spin period is ∼ 77 min. Another possibility is to explain the 77-min recurrence as an orbital modulation. This scenario is, however, very difficult to understand the relatively short burst duration compared with the whole modulation time.
An alternative possibility, which is proposed in this paper, is that GCRT 1745-3009 could be a normally spinning pulsar precessing in a period of ∼ 77 min. An ordinary pulsar can radiate radio emission with a brightness temperature of 10 25 − 10 30 K, which is enough for the source to be detected in a not very short distance. It will be shown that the general bursting behavior can be well reproduced with a very broad choice of parameters, as long as the precessing amplitude is not very small. The model is introduced in §2, and conclusions and discussions are presented in §3.
The model
A precessing scenario is shown in Fig. 1 . The pulsar's spin axis itself is rotating around a precession axis (i.e., along with the direction of total angular momentum), which is what we see in an observer's rest frame. We denote the magnetic incline angle as α, the angle between line of sight and the precession axis as β, and the precession angle as γ. One can also consider another frame, called as the precession frame, which rotates along Ω p with a period of the regular bursts (∼ 77 min). There exists thus a rotation transformation between this precession frame and the rest frame, with respective to the Ω p axis. Both Ω p and Ω s -Geometry of a precessing pulsar. α is the angle between the magnetic axis (labelled as "µ") and the spin axis (as "Ω s "). β is the angle between the line of sight (as "Obs") and the precessing axis (as "Ω p "). It is shown, in the precession frame, that an observer can only detect radio bursts between "S" and "T", with an angle δ, which, in our model, is set to be δ = 2π(10/77) to fit the ratio of the observed burst duration to the period.
axes are fixed, but the line of sigh rotates therefore along Ω p , in the precession frame. As the emission pattern (i.e., the shaded region in Fig. 1 ) remains, it is obvious that the line of sight is able to intersect with the pulsar's radio beam only in a part of time (between "S" and "T") of every precessing period. The angle δ is defined as the radian between "S" and "T" of the line of sight.
Let's consider the parameter space of α, β, and γ, in order to reproduce the light curve observed. The pulsar's radio emissivity is assumed to be f (θ) = f 0 e −θ/θp , where θ is the angular distance from the magnetic axis, µ, and θ p is a parameter characterizing the width of the emission beam. The observation is sampled every 30 second in the original observation of Hyman et al. (2005) . The spin period should be much smaller than the sample time (30 s), and the precession period (77 min) is much longer than 30 s. The 30s-sampled flux, F 30 (φ), is then a function of φ (i.e., the angle between line of sight and the spin axis). The sampled flux, F 30 (φ), is simply assumed to be proportional to the maximum flux possible in a spin period, f (φ − α),
The peak flux observed is 1.67 Jy, and the undetected limit is 15 mJy. The observed ratio of the minimum to maximum fluxes is thus F 30 (φ max )/F 30 (φ min ) ∼(15 mJy)/(1.67 Jy)≃ 0.01, where φ max and φ min are the maximum and minimum values of φ during bursts (i.e., F 30 > 15 mJy), respectively. Therefore, f (φ max − α)/f (φ min − α) = exp[(φ min − φ max )/θ p ] ∼ 0.01. We have then φ max − φ min = 4.7θ p , which is chosen to be ∼ 0.1 rad = 6 o since the typical beam width of a normal pulsar is ∼ 10 o . The consequence of choosing a larger θ p will be discussed later. The angle δ should be set to δ = 2π(10/77) in order to fit the observed ratio of the burst duration to the precession period.
One has obviously φ min = β − γ and φ max = arccos(cos β cos γ + cos(δ/2) sin β sin γ), according spherical geometry. We have therefore, φ max − φ min = arccos(cos β cos γ + cos(δ/2) sin β sin γ) + γ − β = 4.7θ p .
The γ value can be found from Eq.(2) for given α, β, θ p . The calculated result is showed in figure 2 . No γ solution could be found for α and β in the shaded region. The solid vertical lines in figure 2 are the contour of resulting γ from given α and β by choosing θ p = 0.1/4.7 rad. With the assumption that the pulsar's brightness temperature is 10 30 K, the contour (the dashed lines in Fig. 2 ) of the pulsar distance can be calculated, provided that the 30s-sampled burst peak flux to be 1.67 Jy. The distance is computed precisely by simulating the pulsar emission and integrating numerically the flux over 30 s. Fig. 2. -Possible parameter space to reproduce the bursting behavior in our precession model. We set here the pulsar's beam radius to be 6 o , the brightness temperature of radio emission to be 10 30 K, and the angular velocity Ω s to be 1 rad/s. The solid and the dashed lines are contour of γ (in degree) and of source distance (in kpc) for given α and β. No appropriate γ value can be found in the shaded region. A simulated example of the burst profiles is presented in Fig. 3 , where the parameters are α ≃ 10 o , β ≃ 44 o , γ ≃ 30 o , and pulsar distance ≃ 23.5 kpc. It is evident that the main feature of the observation is reproduced in the simulation for a precessing pulsar.
Conclusions and Discussions
It is proposed that the enigmatic source, GCRT J1745-3009, could be a precessing radio pulsar. A radio burst should be detected when the pulsar's emission beam precesses through the line of sight. The distance of the source could be even larger than 10 kpc if the brightness temperature of the pulsar is ∼ 10 30 K in the model. However, it is found in Fig. 2 that the precession angle, γ, has to be very large (>∼ 20 o ) in order to reproduce the general behavior observed.
High value of the beam radius (4.7θ p > 0.1) has also been considered. We find that, as the beam radius increases, the lower limit of precession angle as well as the upper limit of the source distance increase too. It is, therefore, safe for us to conclude that only a radio pulsar with a large precession angle can then reproduce the observed phenomenon. Actually two freely-precessing radio pulsars (Stairs, Lyne & Shemar 2000; Shabanova, Lyne & Urama 2001) , PSR B1828-11 and PSR B1642-03, and about four additional candidates (Jones & Andersson 2001 ) have been observed. As pointed out by Jones & Andersson (2002) the upper limit of the precession angle for a crust neutron star is γ max ∼ 0.45(100 Hz/f ) 2 (u break /10 −3 ), where u break is the breaking strain that the solid crust can withstand prior to fracture. That means the pulsar we are considering here should be spinning relatively slow (spin frequency < 100 Hz), otherwise its u break should be larger than 10 −3 . Recently, it is addressed that the precession of normal neutron stars may damp quickly via various coupling mechanisms between the solid crust and the fluid core (Shaham 1977; Levin & D'Angelo 2004) . This unseemliness could be removed if pulsars are solid quark stars (Xu 2003; Zhou et al. 2004 ). Hyman et al. (2005) found GCRT J1745-3009 at 0.33 GHz in September 2002, but they did not detect it at 1.4 GHz, with a detection threshold of 35 mJy, in January 2003. Xiang Liu and Huaguang Song had tried to observe the source at 5 GHz, with the 25m-radio telescope of the Urumqi station in Xingjiang, China. The source was not detected by them from 7:20 to 9:55, March 21, 2005, with an integrate time of 30 s and an upper limit of 50 mJy. If the source bursting behavior at 0.33 GHz remains to now, then its spectrum index α should be smaller than −1.29. This value is relatively smaller than that of the Galacic center radio transients (α = −1.2). The spectral index distribution between 400 MHz and 1400 MHz of 285 radio pulsars is obtained by Seiradakis & Wielebinski (2004) . The estimated index (α < −1.29) of the source is in agreement with the typical pulsar spectrum (α = −1.75) in the statistics.
Only five bursts were detected by Hyman et al. (2005) , and it seems that the rise and the decay of the bursts is asymmetric. It is well known that the mean radio flux of pulsars varies due to either intrinsic instability or interstellar scintillation of radio wave (Stinebring & Condon 1990; Kaspi & Stinebring 1992) . We note that such a flux variation may significantly affect the symmetry of the burst profiles.
More observations of GCRT J1745-3009 can certainly uncover its nature in the future. The scenario proposed in this paper could be confirmed if one detects regular radio pulses from a pulsar, and GCRT J1745-3009 is thus a unique and important object for studying the physics of neutron stars. It is suggested by Jones & Andersson (2002) that the wobble damping time-scale of a normal neutron star due to a frictional type coupling between the crust and core of neutron star is only a few years. This means that the precession of the source might be damped in the passed years, and today's observations may not be bale to detect the burst behavior.
